Cocoa is a source of health-promoting polyphenols including procyanidins, but they do not make chocolate a healthy food item [ 1 ] . Chocolate bars have a high energy density (>2 kcal/g) [ 2 ] and are not as nutrient dense as wild foods (Tables 12.1 and 12. 2 ) consumed by humans during the late Paleolithic [ 3 ] . Degenerative non-communicable diseases are rare or nonexistent in hunter-gatherers eating a late Paleolithic diet, that is, a low energy dense diet with a wild plant-to-animal energy intake ratio ~1:1, with fi sh and shell fi sh providing a signi fi cant proportion of the animal component [ 3 ] . Nearly all the genes and epigenetic regulatory mechanisms humans carry today were originally selected for behaviorally modern humans who appeared in Africa between 100,000 and 50,000 years
The nutritional value of chocolate bars should be based on the nutritional value of the low energy • dense late Paleolithic human diet to help reduce mental ill health, obesity, and other postprandial insults.
Current chocolate bars have a high energy density (>2 kcal/g).
•
Cocoa can be sweetened by the addition of calorie-free Purefruit™ (Tate & Lyle) monk fruit • ( Siraitia grosvenorii ) extract. PUREFRUIT™ is approximately 200 times sweeter than sugar and has exceptional stability. The energetic cost of the assimilation of chocolate can be increased by increasing its protein and • fi bre content. Self-assembled, water-fi lled, edible nanotubes that self-organise into a more complex structure, • possibly a 3D network of nanocellulose, could be incorporated into chocolate bars to lower their energy density to <1.6 kcal/g. Durethan • ® KU 2-2601 packaging fi lm enables the water content of chocolate bars to be increased without reducing product shelf life. Aquatic biotechnology can provide all the nutrients needed to make chocolate really nutritious.
• ago [ 3 ] . Thus, it has been argued that the typical diet, physical activity patterns, and body composition of late Paleolithic humans remain normative for contemporary humans -and models for diseaseprevention recommendations [ 3 ] . Indeed, an article in Nature highlighted, "It is dif fi cult to refute the assertion that if modern populations returned to a hunter-gatherer state then obesity and diabetes would not be the major public health threats that they now are" [ 4 ] . A double-blind, placebocontrolled, randomized trial failed to fi nd any bene fi cial effects of dark chocolate and cocoa consumption on neuropsychological or cardiovascular health-related variables [ 5 ] . Furthermore, an increase in body weight has been found owing to the consumption of just 25 g of chocolate per day [ 6 ] , and dark chocolate and cocoa consumption has been associated with signi fi cantly higher pulse rates [ 5 ] .
Human food production should be linked to human nutritional requirements as its fi rst priority [ 7, 8 ] . Thus, the high energy density and low nutrient density that characterize the modern diet must be overcome simultaneously [7] [8] [9] . Overweight and obese people can develop paradoxical nutritional de fi ciency from eating high-energy-dense foods with a poor nutrient content. The fi nding that people with a low-energy-dense diet (<1.6 kcal/g) have the lowest total intakes of energy, even though they consume the greatest amount of food, has important implications for promoting compliance with a healthy diet [ 2 ] . A processed food that is not both low energy dense and high nutrient dense is of poor dietary quality compared to the low-energy-dense foods of high nutrient density that humans should eat i.e. the most nutritious cooked wild plant and animal foods for humans [ 3, [10] [11] [12] .
In 2009, Barry Callebaut AG, Switzerland, reported that they had reduced the energy density of their chocolate by aerating it; however, the resulting product still had a deleteriously high energy density (~4.3 kcal/g) [ 13 ] . Chocolate bars have a high energy density principally because they have a low water content [ 9, 14 ] . Self-assembled, water-fi lled, edible nanotubes that self-organise into a more complex structure, possibly a 3D network of nanocellulose, could be incorporated into chocolate bars to lower their energy density to <1.6 kcal/g [ 14, 15 ] . Nanocellulose is composed of nanosized cellulose fi brils ( fi bre diameter: 20-100 nm), has a water content of up to 99 per cent and the same molecular formula as plant cellulose [ 16 ] . The water inside the nanosized cellulose fi brils could contain fl avour with few calories e.g. a cup of tea without milk = 0.01 kcal g -1
. The shape and supramolecular structure of the nanocellulose can be regulated directly during biosynthesis to produce fl eeces, fi lms/ patches, spheres and tubes [ 17 ] . Other edible materials can strongly adhere to the surface and the inside of nanocellulose structures such as fl eeces to form edible composites [ 18 ] . Taste sensation per mouthful could be improved by adding fl avouring substances processed on the nanoscale (increased surface area in contact with taste and smell receptors) to edible composites (Ultra fi ne food technology: Eminate Limited, Nottingham, United Kingdom). Durethan ® KU2-2601 packaging fi lm produced by Bayer Polymers, Germany, is a nanocomposite fi lm enriched with silicate nanoparticles which is designed to prevent the contents from drying out and prevent the contents coming into contact with oxygen and other gases. Durethan ® KU 2-2601 can prevent food spoilage [ 19 ] and thus the water content of chocolate bars can be increased without reducing product shelf life. Therefore, nanocellulose is expected to be widely used a as a nature-based food additive [ 17, 18 ] . Chocolate may appear to be high in fi ber, but it is not when its energy density is reduced to a level similar to that of a typical fruit or vegetable (see Table 12 .1 ). The energetic cost of the assimilation of chocolate can be increased by adding more protein and fi ber to it [ 9 ] . Protein has more than three times the thermic effect of either fat or carbohydrate [ 20 ] , and because it has a greater satiety value than fat or carbohydrate [ 20, 21 ] , a high-protein diet (protein and carbohydrate intake both being approximately one-third of total energy intake) is of vital importance as a weight-loss strategy for the overweight or obese and for weight maintenance [ 22, 23 ] . Clinical trials have shown that calorierestricted, high-protein diets are more effective than are calorie-restricted, high-carbohydrate diets in promoting [24] [25] [26] and maintaining [ 27 ] weight loss in overweight subjects, while producing less hunger and more satisfaction [ 28 ] . Furthermore, high-protein diets have been shown to improve metabolic control in patients with type 2 diabetes [29] [30] [31] . Some protein-based nanotubes are food-grade materials [ 32 ] and can increase protein consumption at the expense of lowered carbohydrate. Chocolate bars must simultaneously satisfy the human "sweet tooth" and almost completely remove added sugars such as glucose, fructose and sucrose from the diet [ 3 ] . Cocoa can be sweetened by the addition of calorie-free Purefruit TM (Tate & Lyle) monk fruit (Siraitia grosvenorii) extract [ 14 ] . PUREFRUIT™ is approximately 200 times sweeter than sugar and has exceptional stability.
The modern diet is too acidic [ 33 ] , and chocolate is an acid-producing food. The known health bene fi ts of a net base-yielding diet include preventing and treating osteoporosis [ 34, 35 ] , age-related muscle wasting [ 36 ] , calcium kidney stones [ 37, 38 ] , hypertension [ 39, 40 ] , exercise-induced asthma [ 41 ] , and the progression of age-and disease-related chronic renal insuf fi ciency [ 42 ] . Adding suf fi cient amounts of potassium bicarbonate to cocoa and chocolate will make them net base-yielding foods. The nutrition facts labels for Good Cacao TM "The World's Finest Superfood Chocolate ® " (1) lemon ginger and (2) coconut chocolate bars show that they contain no vitamin A or vitamin C [ 43 ] . Vitamin A is particularly important during periods of rapid growth, both during pregnancy and in early childhood. Vitamin A derivatives, retinoids, control the differentiation of neurones, and a role has been suggested in memory, sleep, depression, Parkinson's disease, and Alzheimer's disease [ 44 ] . Furthermore, vitamin A plays a critical role in visual perception, and a de fi ciency causes blindness [ 45 ] . Vitamin C de fi ciency causes scurvy. Chocolate contains practically no folate (see Table 12 .1 ). Folate de fi ciency causes neural tube defects [ 46 ] , which produce malformations of the spine, skull, and brain and neurological disorders, such as depression and cognitive impairment [ 47 ] . It may be misleading to describe any current chocolate product as a superfood when its nutritional value is compared to that of an oyster (see Tables 12.1 and 12. 2 ).
The bioavailable nutrient content including cofactors of chocolate bars should be based on the nutritional value of the most nutritious cooked wild foods for humans and can be increased using existing bioactive encapsulation [ 9 ] . Aquatic biotechnology can provide chocolate manufactures with suf fi cient amounts of all the nutrients needed to make chocolate really nutritious, including protein, docosahexaenoic acid (DHA), eicosapentaenoic acid (EPA), arachidonic acid (AA), vitamins, minerals, and fi ber [48] [49] [50] [51] [52] . Reducing particle size using nanotechnology can further improve the properties of bioactive compounds (e.g., DHA and EPA), such as delivery, solubility, prolonged residence time in the gastrointestinal tract, and ef fi cient absorption through cells [ 53 ] .
Summary
The nutritional value of chocolate bars should be based on human nutritional requirements to help reduce mental ill health, obesity, and other postprandial insults [7] [8] [9] . In the near future, food technology could allow people to get their chocolate fi x, while simultaneously and signi fi cantly increasing nutrient intake and reducing energy intake per day. Nanocellulose and calorie-free monk fruit extract could be used to lower the energy density of chocolate, and aquatic biotechnology can provide the nutrients needed to make it really nutritious.
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